The results of investigation on forming copper-carbon fibre composite were presented. A new method of vacuum volumetric.bonding was elaborated for this purpose. The copper-carbon fibre composites were processed at temperatures between 750 and 1050°C under pressures of 30 to 60 J\,1Pa and times ranging from 15 to 6() minutes. The composite microstructure was found to be homogeneous, the measured density varied from 6.58 u2Jo 7.8 gfcm 3 and the hardness ranged from 63 to 113 HB (KG/mm 2).
electrical resistivity, thermal conductivity, hardness or the coefficient of linear expansion with temperature(1, 2J.
The potential for adjustment of properties makes the carbon fibre-copper composites developed by the present authors suitable for use as e.g. binders of high strength materials, electric contacts exposed to erosion wear during operation and expansion washers in semiconductor power components.
Volumetric Bonding of Carbon Fibre-Copper Composite.
Modified volumetric bonding is one of the methods used for obtaining the carbon fibre-copper composite. In conventional volumetric bonding, cleaned and appropriately particulated scrap metaltchips) is bonded. TIUs raw material is initially compacted under pressure and then subjected to bonding in the entire volume of a formed piece. The volumetric bonding technique is combined with the method of powder sintering under pressure in the experiments described below, This method is applicable for production of both the discrete fibres and continuous fibre composites. The hot pressing of carbon fibres with a copper matrix should be carried out at high temperature, and at relatively low pressures. Damage to carbon fibres is thus avoided, which is of particular importance for continuous fibre composites. Both laminar and block-type composites were produced during the experirnentstfig.I). .
Bare fibres, and the ones coated with either copper or nickel were used. The copper or nickel coating was to improve the fibre wettability for pure copper. A diffusion welder was used for trials of volumetric bonding of carbon fibres with copper and its alloys. This equipment provides high temperatures of up to 1400°C, 2x10-3Pa vacuum and large pressing forces. Fig.2 shows the diagrammatic arrangement of the set-up for volumetric handing. 
Results of the completed trials of volumetric bonding and conclusions.
Structural examination was carried out on the composites obtained, in order to determine their homogeneity, grain size of metallic alloy and possible carbide inclusions. Moreover, the uniformity of carbon fibres distribution, porosity and fibres adhesion to metal matrix were evaluated. Optical microscopy, scanning and :\.'RT were employed in the examination. It is worth noting that the preparation of samples was very complex, due to differences in hardness between the various materials occuring in them.
The resulting structures of the carbon fibre-copper composites obtained have been exemplified belowi fig. 3 ). Thanks to the preliminary trials that had been conducted earlier) it was possible to limit the range of parameters in volumetric bonding of the carbon fibre-copper composite, to assume correctly the cycle of heating and cooling and the course of pressure variation during the process (fig.4) . 1200 o-l!-r-TT"T"TT"1rTT"rTTTTT"TT1rTTTTTTT"l""TT"'h-rrTTTTT"""'rrTTTT"TT1rTTttTTT"1n-r,.., Composites obtained in the mentioned set of parameter ranges are characterized by a relatively uniform distribution of carbon fibres ( fig.J) , minor porosity and good fibre adhesion to metallic matrix, The density of block composites obtained amounted to 6.58 g/cm-i, whereas that of laminar composites -to 7.8g/cm 3.
An excessively dense packing of fibres in the plane for laminar compositestpure carbon tibre-CuCrO.4ZrO.l alloy) prevented the filling of spaces between fibres with metallic matrixrfigs.Sc and 3d). This reduced the mechanical strength of the composite. making it to correspond to the strength of the carbon fibres. as expected in such circumstances. The composites obtained through the process under description may undergo plastic working as e.g.rolling, drawing or extrusion. They may, thus, he formed to any shape desired. with an additional increase of density and of strength -due to cold working.
